Abstract: Using real-time and online models in vehicle control and fault diagnosis necessitates knowledge about time variant physical parameters and current driving situation. Detailed information about vehicle conditions, in form of a Characteristic Velocity Stability Indicator, is used to select the corresponding vehicle model structure for adaptive drive dynamic control. After a short introduction to a lateral vehicle model, a new approach for the online calculation of different driving conditions (i.e. stability, understeering, oversteering, and neutralsteering) is given.
INTRODUCTION
Modern vehicles are equipped with an increasing number of driver assistance systems. These systems are designed to aid the driver by preventing any unstable or unpredictable vehicle behavior. Although they are using real-time and online models, fault detection and diagnosis is mostly performed by relatively simple algorithms, which do not work correctly in certain driving situations. One approach to cope with the problems encountered by these simple algorithms is to calculate the driving condition and react with a reconfiguration or adaptation of models to this new situation.
Former work was based on fuzzy logic systems (e.g. Albertos and Börner, 1999; Börner and Albertos, 1999) . This approach was able to detect understeering, oversteering, and braking in the curve situations and used five measured input signals (steering wheel input δ st , lateral acceleration ÿ, yaw rate ψ& , longitudinal acceleration x& & , and velocity v).
In this work, a new approach for the online discrimination of different driving situations based on the characteristic velocity is presented. The advantage is the usage of only little sensor information. Results are then checked against real measurements of a test vehicle.
VEHICLE MODEL
For deriving the lateral dynamics, a coordinate system is fixed to the center of gravity (C.G.) and Newton's laws are applied. Roll, pitch, bounce, and deceleration dynamics are neglected to reduce the model to two degrees of freedom: the lateral position and yaw angle states. Further simplifications assume that each axle shares the same steering angles and that each wheel produces the same steering forces (Fig. 1) . 
Although the bicycle model is relatively simple, it has been proven to be a good approximation for vehicle dynamics when lateral acceleration is limited to 0.4 g on normal dry asphalt roads (Milliken and Milliken, 1995) . Note that the velocity v and the cornering stiffness c' αF and c αR are assumed to be time-variant. In the following section the poles and zeros of the transfer function G 1 (s) are firstly studied for varying velocity v and then for varying front and rear wheel cornering stiffness c' αF and c αR .
The results of these investigations are important to get a first insight into the stability and the transient behavior of the one-track model (Isermann and Börner, 2002) . Hereby, c αR = 1.2 c' αF was assumed, the remaining vehicle parameters were set to the values according to Table 1 .
Velocity variation
While the velocity v of G 1 (s) increases from 7.2 km/h to 180 km/h, the poles of the systems remain in the left hand s-plane. Note that Fig. 2 (poles as x and roots as o), is not a standard root locus because the parameter v enters nonlinearly. For all velocities v ≥ 0 km/h the vehicle has stable dynamics. However, for v>20 km/h, the system becomes less damped, i.e. the pair of real eigenvalues meets at the real axis and branches into a pair of complex eigenvalues. Step responses for step input of the steering angle δ st and different velocity v
Cornering stiffness variation
While the front and rear wheel cornering stiffness c' αF,R are increased in the range between 0 to 100000 N/rad, the vehicle behaves stable for positive c' αF,R and becomes unstable with a double pole at the coordinate-origin for c' αF,R = 0 N/rad. The cornering stiffness may become small for icy roads but never negative. The zeros of the system are always on the left real axis. With decreasing front and rear cornering stiffness c' αF,R the gain also decreases and the dynamics become less damped. The vehicle is unstable, if the cornering stiffness c αR is 0 N/rad. Until now, vehicle stability of vehicles was investigated decoupled from other parameters. However, the stability is a function of many vehicle parameters:
In the next sections, an approach is presented to calculate the stability with the characteristic velocity, which is a function of ( )
DERIVATION OF THE CHARACTERISTIC VELOCITY
A stationary circular drive is assumed with
and
The dynamic equation of motion leads to the algebraic relationships (Mitschke, 1990) 2 ) ( cornering can be assumed. Then a classification of different driving situations can be made as shown in Table 2 . This driving condition detection uses only a few sensor signals: δ st ,v, ψ& .
The same classification can be defined for lateral acceleration measurements. Table 2 introduces a Characteristic Velocity Stability Indicator (CVSI) to distinguish between different driving and stability conditions. 
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Cornering Break away Unstable Fig. 7 demonstrates the whole driving condition detection. The following results are based on experimental data, which have been obtained using an Opel Omega vehicle on an airfield runway, (Fig. 8) . Fig. 9 the steering wheel angle δ st is shown. The lower plot shows the ABS wheel speed velocities. Fig. 9 a) Yaw rate ψ& b) Output of the driving condition detection (Characteristic Velocity Stability Indicator CVSI), which was calculated using the yaw rate and the steering wheel angle δ st
After the slalom test-drive the vehicle accelerates to a velocity of 15 m/s and is getting excited with a steering wheel frequency in the range of the natural frequency of the yaw dynamics (0.5 Hz). The test vehicle reacts with an unstable behavior at t=18 s, as can be seen from the wheel velocities. Fig. 10 illustrates the corresponding results of the driving condition detection based on the yaw rate and the steering wheel input. The upper plot displays the lateral acceleration ÿ. The sideslip angle β in the second slalom test reaches 0.12 to 0.18 radiants for 18s < t < 22s which indicates a critical driving situation. Here the driver stabilized the vehicle by counter-steering, such that it was stable for t > 22 s. This application shows that the derived critical driving condition indicator (CVSI) can be applied for detecting the driving situation by on-board calculations. Table 3 defines the Characteristic Velocity Stability Indicator (CVSI) for different driving and stability conditions. The driving condition algorithm detects the unstable situations as expected. In addition, the classification of normal situations can be physically explained. By starting the critical driving situation, the driving condition algorithm detects an understeering vehicle (CVSI=1, see also Fig. 11 ). Next, an oversteering condition (CVSI=3) is detected due to the inertia of the vehicle and especially the steering wheel input. The driver reacts on the oversteering situation by reducing the steering wheel input (CSVI=-1 unstable straight run) and by counter-steering (CSVI=5 unstable cornering condition). With counter-steering, it is possible to stabilize the vehicle (CSVI=1).
CONCLUSIONS
A new approach to detect critical situations was presented and validated by test-drives. This new method is based on measurement of the steering wheel angle, velocity, and either yaw rate or lateral acceleration. The experiments show that the classification of critical driving situations via the Characteristic Velocity Stability Indicator (CVSI) was done correctly and can be physically explained.
